The study was conducted to evaluate soil quality and impact of brick kiln on different physicochemical parameters of soils of agricultural field, located in the vicinity of Bhaktapur, Nepal. The study was carried out by determining the physicochemical characteristics of soil, soil fertility, and heavy metal contamination of soil. During the entire study period, water absorptivity of soil ranged from 2.4 to 3.3 mg/L, pH varies from 5.885 to 7.64, and organic carbon content and organic matter varied from 0.277 to 0.93%, from 0.477% to 1.603%, respectively. Nutrient content, that is, sulfate and nitrate concentration, in the soil ranged from 0.829 to 3.764 mol/L and from 0.984 to 29.99 mol/L, respectively. The findings revealed that concentrations of heavy metals (chromium and lead) were within permissible limit, although the levels were higher in soil at 50 m and decrease farther from brick kiln. However, the physical parameters and nutrient content were deficient in soil at 50 m while increasing gradually at distances of 100 m and 150 m. The variation of result obtained for physical parameters supports the fact that quality of soil in terms of heavy metal content and nutrient content was directly proportional to the distance from the kiln; that is, the quality of soil increased with increasing distance.
Introduction
Development of modern technologies has been a key determinant to accelerate industrialization and urbanization in developing countries like Nepal. But in a quest of rapid economic growth, developments are considered key priorities, while protection of environment has not been given the same importance. Thus, a number of factories, sited haphazardly, have been established leading to deterioration of natural resources like soil, water, and air. As a result, environment pollution is tremendously increasing due to industrialization and mechanization that is serving to fulfill demands of population. With increasing population, demand for bricks for construction is also increasing establishing brick industry as a booming industry [1] .
The net result of a brick kiln is called land degradation. Land degradation is reduction of land quality. Productivity of soil declines when land becomes degraded. It declines unless steps are taken to restore that productivity and check further losses. Also data analyses on the brick fields from different study reveal that considerable amount of productive and potential agricultural lands has been given to brick fields. Unfortunately, brick fields are mostly situated on river line fertile agricultural land, as it needs clayish, silty, and loamy soil with good texture. Removal of fertile top soil leaves the land infertile [2] . Similarly, studies on brick kilns in Budgam District of Kashmir valley (India) also showed some major negative impacts on the environment in respect of air quality, human health, and vegetation in particular [3] . Similarly, soil, dust, and plant samples were collected from an agricultural area of Peshawar and heavy metal concentrations were analyzed. High levels of Cr and other heavy metals were found in soil, plant, and dust samples indicating that plants absorbed metals through their roots [4] . Likewise, study that was carried out on soil contamination in an industrial area, Surat in Gujarat (Western India), showed spatial variation in elemental composition of soil that was investigated by collecting and analyzing 25 surface soil samples confirming that the source of contamination is to be anthropogenic from industrial activity surrounding Surat soils [5] . Similar result about impact of brick kilns on overall environment of Khejuri was obtained leading to problem of land degradation [2] .
Brick kilns in Nepal are mainly concentrated around Kathmandu valley and in terai regions. There are more than 500 brick kilns established in Nepal. These brick kilns remove topsoil for brick making; so this has direct impact on agricultural crop production as it reduced fertility status of soil. The negative impact of topsoil removal results in reduction in agricultural output and increases cost of replacing the nutrients lost. Release of harmful gases from the brick kilns to the environment alters the natural cycles such as nitrogen cycle and other natural processes which results in decreasing fertility, decreasing the change in composition and contents of nutrients in soil. This change in nutrient concentration increases heavy metal contents in soil reducing the overall quality [5] . Higher content of heavy metal lowers cation exchange capacity of soil, decreasing organic carbon content, and then reduces water holding capacity [6] .
A considerable number of studies are available in literature regarding the impact of brick kiln or any industrial areas in developed countries. In context of Nepal, few studies have been done to indicate that brick kilns are responsible for polluting environment of which majority are based on the measurement of air polluting factors. This is the reason that necessary data are unavailable in developing countries like Nepal due to research gaps [7] . There is no study done to check or analyze soil quality affected due to these kilns established in residential areas and their impact on the agricultural soil around the brick kilns. Thus, there was a need of study to associate brick kiln pollution with its impression on environment. With the objective to analyze the impact of brick kiln on the agricultural soil, a field based study was carried out on area around brick kiln situated at Bhaktapur, Nepal.
For determining the impact of brick kiln, soil samples from distance of 50 m, 100 m, and 150 m far from brick kiln in each of the four directions, that is, total 12 samples, were collected and analysis of these soil samples was done in the following three categories: impact on physical parameters of soil, which was determined by analyzing different physical parameters like soil texture, organic carbon content, organic matter content, water absorption capacity, and pH. Similarly, soil fertility was obtained by determining the content of nutrients in soil, that is, sulfate and nitrate, using UV-Vis spectrophotometer. Further heavy metal contamination was determined by determining the amount of different heavy metals: chromium and lead in soil using AAS.
Materials and Methods

Site Selection.
The selection of the brick kiln was based on nearness to agricultural lands as the study comprised determination of contamination in cropped land. For this purpose, brick kiln in Bhaktapur was selected that was surrounded by cropped area. This is representative of many such brick kilns not only in Bhaktapur but almost everywhere else in Nepal, where the kiln is in the center of farmland.
Collection of Soil Samples.
Soil samples (0-30 cm depth) from around brick kiln at distances of 50 m, 100 m, and 150 m in four directions (east, west, north, and south) around the kilns were collected. Each of the 12 samples collected from the site was transferred into sealed plastic bags and labeled appropriately. The soil samples were labeled as , where is distance from brick kiln ( = 50 m, 100 m, and 150 m) and is the direction ( = east, west, north, and south). The samples were air-dried and external substances are removed. Samples were then sieved using sieving apparatus consisting of different sieve sizes (10 > 0.075 mm). Sieved samples (>2 mm) were preserved for further determination.
2.3.
Extraction. 50 gm sample was taken in a 250 mL conical flask from twelve locations around brick kiln. Exactly 50 mL of distilled water in 1 : 1 ratio was added to it and was shaken in mechanical shaker for 10 minutes. Then, the mixture was kept still for thirty minutes. Samples were filtered using filter paper. For turbid filtrates, samples were centrifuged using 3000 cycles/min centrifuge for 5 minutes.
Determination of Physical
Parameters of Soil. 100 mL of distilled water was added to 10 gm of soil taken in a glass funnel whose neck was fitted with wool glass. These samples were kept for 2-3 hours. In this duration, soil absorbs the water and water holding capacity was determined [8] . The soil texture was determined by international pipette method. The soil pH was determined with distilled water in a ratio (soil : water) of 1 : 2.5 (w/v) using a pH meter (Orion 5-Star, Thermo) [9] . Triplet data for each sample was taken and average of the three was obtained. Organic carbon was determined by using the Walkley and Blake method and the organic matter by using a conversion factor of 1.724.
Determination of Chemical
Parameters of Soil. 25 mL glycerol was mixed with a solution containing 15 mL conc. HCl, 50 mL distilled water, 50 mL (95%) isopropanol, and 37.5 g NaCl to form conditional reagent. Likewise, the standard sulfate solution was prepared by weighing exactly 1.479 g of analytical grade anhydrous sodium sulfate and dissolving it in distilled water. Finally, using the conditional reagent, standard sulfate solution, and sample solution, sulfate analysis was carried out at wavelength of 420 nm using Thermo Scientific GENESYS 10S UV-Vis spectrophotometer [10] .
A standard calibration curve of concentration (mg/L) versus absorbance was plotted for sulfate taking different concentration of standard solution and distilled water with specified amount of reagents [10] . Nitrate analysis of the soil sample was done by colorimetric determination in which nitrate is extracted with 0.01 M CuSO 4 solution. A clear soil extract is obtained by using CuSO 4 , Ca (OH) 2 , and MgCO 3 . A nitrate in contact with H 2 SO 4 produces nitric acid that causes nitration of position of 2,4-phenoldisulphonic acid in dry condition. The product is nitrophenolic-type indicator giving yellow color in alkaline medium which is determined colorimetrically measuring absorbance at 415 nm using Thermo Scientific GENESYS 10S UV-Vis spectrophotometer.
A standard calibration curve of concentration (mg/L) versus absorbance was plotted for nitrate by taking different concentration of NO 3 − working solution and NO 3 − extracting solution [11] . Triplet data for each sample was taken and average of the three was obtained.
Heavy Metal Contamination on Soil.
Heavy metals constitute an ill-defined group of inorganic chemical hazards. Brick kiln uses huge amount of coal and rubber tires as fuel for manufacturing brick in nonscientific way leading to adverse effect on environment. The metals most frequently identified at contaminated sites are lead (Pb) and chromium (Cr) [12, 13] . The analysis of lead and chromium was carried out using Flame Photometry Atomic Absorption Spectrometer (AAS) of Thermo Electron Company at AEC Lab in Kathmandu University. Triplet data for each sample was taken and average of the three was obtained.
Result and Discussion
Impact on Physical Parameters of Soil.
The soil texture was determined by international pipette method (<1 mm soil size). Soil texture classes were based on varying proportions of sand, silt, and clay, expressed as percentages [14] . The texture of the soil was determined based on the USDA textural classification. The texture of soil was found to be silt loam soil collected at 50 m, 100 m, and 150 m from brick kiln ( Figure 1 , Table 1 ). Generally, these types of soil have the ability to retain moderate amount of organic matter [15, 16] .
Organic carbon is important parameter of soil that determines beneficial effects on soil quality. It improves soil structure, enhances aeration and water penetration, increases water holding capacity, and supplies nutrients for growth of plants. Organic carbon levels greater than 0.8% are rated as good quality of soil [14] . A level of organic carbon greater than 0.75% indicates good fertility [14, 17] . The percent of organic carbon in soil was determined titrimetrically using Walkley and Black method with oxidation of organic matter with potassium dichromate (K 2 Cr 2 O 7 ). Organic carbon of the soil in this study area ranged from 0.277% to 0.93% (Table 1 ). The lowest concentration of organic carbon was recorded as 0.277% at the soil at 50 m south of brick kiln and the highest was 0.93% at 150 m west of brick kiln. The variation of organic carbon may be the result of the variation of organic matter practices and also it is directly related to surface soil removal process. Organic carbon level in soil samples near to brick kiln has been found poor in range.
Because of the stabilizing properties that clay has on organic matter, soil texture affects Soil Organic Carbon (SOC) [14] . However, relatively low concentration in south 50 m is due to the added effect of smoke from vehicles as the KathmanduBhaktapur section of Araniko highway runs in the direction. Organic matter is the major source of nutrients in soil. The organic matter of soil in the studied area varied between 0.477% and 1.603% (Table 1 ). The organic matter near to the brick kiln was found low due to low organic carbon content. The organic matter content in soil gradually increased with distance away from the kiln; however, the higher concentration in west rather than any other direction is attributed to higher use of fertilizers in the cultivated field while relatively low concentration in south is due to aerial deposits of vehicles running in Kathmandu-Bhaktapur section of Araniko highway. Soil pH is an important index of ecological condition of terrestrial environment [14] . It affects the availability of nutrients to plants and the activity of soil microorganisms. Also, soil can be the deposit or carrier of toxic substances such as heavy metals and pH lowering (acidifying) agents. The maximum availability of the primary nutrient like nitrogen, phosphorus, and potassium as well as secondary nutrients like sulphur, calcium, and magnesium is found in the pH range of 6.5 to 7.5 [14, 17] . Also, it is reported that the pH of soils increases the mobility of Pb, Cd, Cr, Cu, Hg, Ni, and Zn in case of acidity while in alkaline condition the reverse phenomenon takes place. pH provides a good identification of soil chemical nature where higher pH indicated optimal range for plant growth but lower pH causes problems for normal growth of the plants [14] . The pH values of the samples ranged from 5.885 to 7.64 (Table 2 ). Recorded pH of soil samples ranged from slightly acidic to neutral. The pH of soil samples at 50 m east and west is 6.8, which shows slight acidic character, so it clearly refers impact from brick kiln. The southern soil sample is neutral. The pH of soil at 100 m north is 5.8 which decreases soil microbial activity.
Water absorptivity is another factor that determines the quality of soil. Soil should be capable of absorbing adequate moisture. If water is lost to the soil then soil quality deteriorates. Water holding capacity of soil influences crop growth, rotting pattern, and ability to supply water to crops during dry period [18] . The water absorptivity of samples obtained has variable values as there are various factors affecting the result. Towards south of brick kiln's chimney, the presence of Kathmandu-Bhaktapur road section of Araniko highway causes decrease in water absorptivity at distance. When compared, the values across the distances of east and west directions show increasing trend with increase in distance from chimney (Table 3) . When the soil loses more water, its infiltration capacity worsens and, consequently, there is drastic change in depth in water level. Changed soil texture because of repeated heating does not permit the rain water to infiltrate to form the groundwater. The resultant effect is lowering down of depth to water level and the area emerged as unfertile land which was highly productive and fertile area prior to brick kiln industry.
Impact on Soil Fertility.
The absorbance of sample taken from three different distances from four directions was obtained with UV-Vis spectrophotometer at wavelength of 420 nm for sulfate and at 415 nm for nitrate while calculation of concentration was done using calibration curve. The analyzed soil samples, taken across all directions, revealed that sulfate concentration in the soil at four different directions from the brick kiln chimney at distances of 50 m, 100 m, and 150 m ranged from 0.829 to 3.764 mol/L (Table 4) and for nitrate it ranged from 0.984 to 29.99 mol/L (Table 5) . Brick kiln chimney distance effect on sulfate and nitrate concentration is evident from the data. Towards 150 m west from the kiln's chimney consisting of cultivated field, nitrate concentration was the highest, that is, 3.764 mol/L, while at 50 m distance from the chimney it was low, that is, 2.730 mol/L, indicating effect of brick kiln induced contamination as the distance from kiln chimney increased. Similarly, nitrate concentration was the highest at 150 m distance, that is, 29.99 mol/L, while at 50 m distance from the chimney it was low, that is, 8.052 mol/L. The higher concentration in west rather than any other direction is attributed to higher use of fertilizers in the field. When compared, the concentration values across the distances of east and south directions show increasing trend with increase in distance from chimney. Sulfate concentration across south ranges from 0.829 mol/L at 100 m to 0.905 mol/L at 50 m while for nitrate it ranges from 2.188 mol/L at 50 m to 2.817 mol/L at 150 m. This relatively low concentration in south is the added effect of smoke from vehicles as the Kathmandu-Bhaktapur section of Araniko highway runs in the direction [19] .
Analyzing the results across different distance along all direction, the concentration of sulfate and nitrate content in soil is higher at farther distance from brick kiln. This implies that the decrease in sulfate and nitrate content at 50 m and 100 m from brick kiln is due to the impact. Apart from this, the overall decrease of sulfate content in soil is because leaching of sulfate may be caused by raining months ago from date of sample collection and also due to the wet soil where rice was planted.
Impact on Soil due to Heavy Metal Contamination.
The average metal concentration showed a diverse variation with respect to direction and distance. The analyzed soil samples observed across all directions revealed that Pb concentration ranged from 5.45 to 11.82 mg/kg (Table 6 ). When these concentrations were compared with US EPA standards, it was found within the permissible limit of lead in soil (2-200 mg/kg) [20, 21] . Presence of lead in this environment may have been due to automobile emission and industrial emission [22] . Across all directions of brick kilns, Pb concentration was the highest at 50 m, that is, 11.82 mg/kg, which may be due to the burning of tyres during the baking of bricks, while at 150 m distance from chimney it was low, that is, 5.45 mg/kg, indicating effect of brick kiln induced contamination as the distance from kiln chimney increased similar to the results obtained by [15] .
The chromium concentration in the soil samples ranged from 1.67 to 10.005 mg/kg (Table 7) which was within the permissible range of chromium in soil (1-1000 mg/kg) when compared with US EPA standards [20, 21] . Across all directions of brick kilns, Cr concentration was the highest at 50 m, that is, 10.005 mg/kg, while at 150 m distance from chimney it was low, that is, 1.67 mg/kg. This showed increase in effect of contamination as the distance from kiln chimney increased. Similar results were reported by [4, 15] where they also noticed variations of Cr concentration with distance from The difference in the concentration of metals with distance might be attributed to the fallout of pollutants a few meters away from the source depending upon the direction and velocity of wind. Comparing the directions, south of brick kiln seems to have higher contamination of lead and chromium that is attributed to heavy input of aerial deposits due to the presence of Kathmandu-Bhaktapur road section of Araniko highway in the direction [4, 23] .
Correlation between Different Parameters of Soil.
A correlation study was also performed to establish a correlation between different parameters of soil. Figure 2 suggested that the chromium accumulation rate in soil decreased with the increasing concentrations of sand in that soil. In contrast, Cr highly accumulated in clay compared with that of silt and it results in slight Cr contamination in soil.
Similarly, Figure 3 suggested that the lead accumulation rate in soil decreased with the increasing concentrations of sand in that soil. In contrast, Pb highly accumulated in clay compared with that of silt.
Further study suggested that both Cr and Pb accumulation rate in soil slightly increased with the increasing pH concentrations of soil as shown in Figure 4 .
For both heavy metals chromium (Cr) and lead (Pb), an inversely proportional relation between their accumulation rate and concentrations of organic carbon was studied, which indicates that with an increasing in heavy metal concentration a significant decrease in the organic carbon of soil was observed ( Figure 5) .
Result from Figures 6 and 7 suggested that both nitrate and sulfate concentration in soil decreased with the increasing concentrations of silt and clay in soil while they increased with concentration of sand.
Conclusion
After the analysis of soil samples taken from different distances from the brick kiln area, a general conclusion that could be reached is that the soil quality is degrading with increase in heavy metal content and decrease in nutrients like sulfate and nitrate. As we move away from brick kiln, the soil quality is increasing steadily but slowly. The pH of soil was acidic near the kiln and neutral farther away, so does water absorptivity of soil, which increases farther away from kiln's chimney. The organic carbon content and organic matter content also increased with increasing distance. The available sulfate and nitrate level in soil samples examined had similar impact with increasing distance away from kiln's chimney. The level of heavy metals was within nontoxic limit. However, the concentrations of metals were higher in soil near kiln than in that farther from kiln causing soil contamination and degrading quality of soil health [24] . Although the range of physical and chemical parameters of soil is within the permissible limit, their concentration is not uniform and rather varies with distance. This indicates deterioration of soil quality, so it is not found to be environmentally safe for agriculture [17] . Also, the cumulative effect of the brick kilns might further increase the levels of heavy metal content in the soil. Therefore, it is highly recommended that periodic survey must be done to monitor this effect and to ensure that appropriate actions can be taken before this happens. Also, since the quality of soil (nutrient content and heavy metal content taken as objective parameters for the soils quality) was better as we moved further from the brick kilns here in question, it would be safe to say that the "quality of the soil is directly proportional to its distance from the brick kiln."
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